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7KH FRGOLQJ PRWK Cydia pomonella /
/HSLGRSWHUD 7RUWULFLGDH LV FRQVLGHUHG RQH RI
WKH PRVW LPSRUWDQW SHVWV RI DSSOHV ZRUOGZLGH
*HLHU  %DUQHV  6DHWKUH DQG +RIVYDQJ
 (YHQGHQ DQG 0F&ODXJKOLQ  .KUW HW
DO  DQG WKH REOLTXHEDQGHG OHDIUROOHU
Choristoneura rosaceana +DUULV /HSLGRSWHUD
7RUWULFLGDH LV D VHYHUH SUREOHP LQ PRVW DSSOH
SURGXFLQJ DUHDV LQ 1RUWK $PHULFD %HHUV HW DO
 :DOGVWHLQ DQG 5HLVVLJ  )DGDPLUR
 7ULPEOH DQG $SSOHE\  :LONLQVRQ HW
DO  (YHQGHQ DQG 0F&ODXJKOLQ 
'HVSLWH WKH LPSRUWDQFH RI WKHVH SHVWV WR DSSOH
SURGXFWLRQ WKHUH DUH VWLOO DVSHFWV RI WKHLU
SRSXODWLRQ ELRORJ\ ZKHUH LQIRUPDWLRQ LV PLVVLQJ
RUSRRUO\TXDQWLILHG
.QRZOHGJH JDSV KDYH EHFRPH PRUH DSSDUHQW DV
DSSOH SHVW PDQDJHPHQW PRYHV DZD\ IURP VWULFW
SHVWLFLGHEDVHG PDQDJHPHQW SURJUDPV DQG
WRZDUGV ELRORJLFDO FRQWURO DQG EHKDYLRUDOO\ EDVHG
V\VWHPV VXFK DV PDWLQJ GLVUXSWLRQ -RQHV HW DO
D 2I SDUWLFXODU LPSRUWDQFH LV WKH QHHG WR
XQGHUVWDQG WKHLU EDVLF SRSXODWLRQ ELRORJ\ WKDW
PD\ KHOS H[SODLQ WKH PHFKDQLVPV RI PDWLQJ
GLVUXSWLRQ WKDW DFW WR UHGXFH SRSXODWLRQ JURZWK
%DUFOD\ DQG -XGG  VXFK DV GHOD\ RI PDWLQJ
-RQHV DQG $LKDUD6DVDNL  /DERUDWRU\
VWXGLHV DUH FUXFLDO WR WKH HIIRUW WR XQGHUVWDQG
SRSXODWLRQ G\QDPLFV EXW WKH VWXGLHV PXVW EH
UHODWHG EDFN WR WKH ILHOG LI WKHUH LV DQ\ KRSH RI
XQGHUVWDQGLQJ SRSXODWLRQ JURZWK /LIH WDEOHV DUH
IUHTXHQWO\ XVHG DV D WRRO LQ ODERUDWRU\ VWXGLHV WR
KHOS XQGHUVWDQG SRSXODWLRQ JURZWK SULPDULO\
EHFDXVH DJHVSHFLILF PRUWDOLW\ DQG UHSURGXFWLYH
UDWHV FDQ EH TXDQWLILHG LQ D ZD\ WKDW DOORZV VLPSOH
SRSXODWLRQ PRGHOV WR EH GHYHORSHG &DUH\ 
+RZHYHU D PDMRU SUREOHP ZLWK WKLV DSSURDFK LV
WKDW ODE VWXGLHV DUH W\SLFDOO\ UXQ XQGHU QHDUO\
LGHDO FRQGLWLRQV RI WHPSHUDWXUH DQG KXPLGLW\
UDWKHU WKDQ WKH YDULDEOH FRQGLWLRQV HQFRXQWHUHG
LQ WKH ILHOG /DE VWXGLHV DUH SDUWLFXODUO\ XVHIXO LQ
JHQHUDWLQJ DJHVSHFLILF UHSURGXFWLYH UDWHV ZKLFK
DUH QHDUO\ LPSRVVLEOH WR GHYHORS LQ PRVW ILHOG
VLWXDWLRQV 8QIRUWXQDWHO\ ORQJHYLW\ HVWLPDWHV
EDVHG RQ ODE VWXGLHV DUH W\SLFDOO\ H[WUHPHO\
RSWLPLVWLF DQG FDQ DIIHFW WKH SHUFHSWLRQ RI
SRSXODWLRQ ELRORJ\ )RU H[DPSOH LI PRWK
ORQJHYLW\ LQ WKH ILHOG LV PXFK VKRUWHU WKDQ ODE
VWXGLHV LQGLFDWH WKHQ WKH HIIHFWV RI GHOD\LQJ
PDWLQJ E\ HYHQ D IHZ GD\V ZRXOG JUHDWO\ UHVWULFW
SRSXODWLRQ JURZWK PDNLQJ PDWLQJ GLVUXSWLRQ
PRUH HIIHFWLYH 7KLV ZRXOG EH WUXH HYHQ LI WKH
GHOD\ LQ PDWLQJ GLG QRW UHVXOW LQ D UHGXFWLRQ RI WKH
QXPEHU RI IHUWLOH HJJV ODLG SHU GD\ RU RYHU WKH OLIH
VSDQ RI WKH IHPDOH VLPSO\ EHFDXVH WKH RYLSRVLWLRQ
SHULRG ZRXOG EH VKRUWHU 7KH SUREOHPV ZLWK
ODERUDWRU\ ORQJHYLW\ VWXGLHV DUH HVSHFLDOO\ WUXH LQ
VWXGLHV WKDW SURYLGH DOWHUQDWH IRRG VRXUFHV HJ
KRQH\ ZDWHU PL[WXUHV RU WKH OLNH WKDW ZRXOG EH
UDUH RU QRQH[LVWHQW LQ WKH HQYLURQPHQW RI
LQWHUHVW
,W LV LPSRUWDQW WR PDNH WKH GLVWLQFWLRQ EHWZHHQ DQ
DJHVSHFLILF VXUYLYRUVKLS FXUYH lx FXUYH DQG
VXUYLYDO HVWLPDWHV EDVHG RQ VLPSOH VXPPDU\
VWDWLVWLFV HJ PHDQ RU PD[LPXP VXUYLYDO WLPH
$JHVSHFLILF VXUYLYDO FXUYHV SURYLGH D
FRPSUHKHQVLYH TXDQWLWDWLYH HVWLPDWH RI PRUWDOLW\
H[SHULHQFHG E\ WKH SRSXODWLRQ RYHU WLPH &DUH\
 ZKHUHDV VXPPDU\ VWDWLVWLFV DWWHPSW WR
GHILQH D VLQJOH VWDWLVWLF WKDW GHVFULEHV WKH ³W\SLFDO´
PRUWDOLW\ H[SHULHQFHG &RPPRQO\ XVHG VXPPDU\
VWDWLVWLFV VXFK DV WKH PHDQ FDQ OHDG WR
TXHVWLRQDEOH FRQFOXVLRQV DV WKH\ PD\ EH KLJKO\
LQIOXHQFHG E\ H[WUHPH YDOXHV 0RVWHOOHU DQG
7XNH\  $WWHPSWV WR GHULYH D VXUYLYRUVKLS
FXUYH XVLQJ PHDQV DQG VWDQGDUG GHYLDWLRQV RU
6(0 E\ DVVXPLQJ WKH QRUPDO GLVWULEXWLRQ DUH
IODZHG EHFDXVH WKHUH DUH PDQ\ SRVVLEOH
VXUYLYRUVKLS FXUYH VKDSHV &DUH\  :LWK C.
pomonella LQ SDUWLFXODU WKHVH VLPSOH VXPPDU\
VWDWLVWLFV DUH YLUWXDOO\ DOO WKDW DUH DYDLODEOH *HLHU
 +DJOH\  +RZHOO  DQG WKLV
UHVWULFWV RXU XQGHUVWDQGLQJ RI SRSXODWLRQ
SURFHVVHV RFFXUULQJ LQ WKH ILHOG :LWK C.
rosaceana ORQJHYLW\ HVWLPDWHV DUH HYHQ PRUH
OLPLWHG 6DQGHUVRQ DQG -DFNVRQ  93- DQG
1*: XQSXEOLVKHG REVHUYDWLRQV )LQDOO\ KDYLQJ
WKH lx FXUYH RQ D SK\VLRORJLFDO WLPH GHJUHHGD\
EDVLV 7D\ORU  DOORZV WKH OLQN EHWZHHQ
PRGHOV ZLWK ILHOG FRQGLWLRQV WR KHOS H[SODLQ
SRSXODWLRQ G\QDPLFV DW YDULRXV WLPHV GXULQJ WKH
VHDVRQ
$QRWKHU NH\ XVH RI ORQJHYLW\ GDWD LV WR SURYLGH D
ELRORJLFDO EDVLV IRU TXDUDQWLQH UHJXODWLRQV ,Q
SDUWLFXODU TXDUDQWLQHV DUH W\SLFDOO\ GHVLJQHG WR
SUHYHQW HVWDEOLVKPHQW RU PDLQWDLQ D ORZ ULVN RI
HVWDEOLVKPHQW RI D QHZ SHVW LQVHFW +DOOPDQ
 7KXV PXOWLSOH SHVW LQWURGXFWLRQV LQ
FRPPRGLWLHV VXFK DV C. pomonella LQ DSSOH
VKLSPHQWV PD\ WULJJHU D FRPSOHWH VKXW GRZQ RI D
PDUNHW UHJDUGOHVV RI WKH WLPH EHWZHHQ
LQWURGXFWLRQV ZLWKLQ D VHDVRQ $3+,6334
 7KH DELOLW\ WR UHDVRQDEO\ SUHGLFW VXUYLYDO
UDWHV ZRXOG DOORZ HVWLPDWLRQ RI LQWHUYDOV EHWZHHQ
DFFLGHQWDO LQWURGXFWLRQV WKDW ZRXOG LQVXUH











































































7KHVH VWXGLHV ZHUH LPSOHPHQWHG WR GHWHUPLQH WKH
ORQJHYLW\ RI C. pomonella DQG C. rosaceana XQGHU
ILHOG FRQGLWLRQV LQ :DVKLQJWRQ DSSOH RUFKDUGV
:H H[DPLQHG ORQJHYLW\ RI ERWK VH[HV RQ D
GHJUHHGD\ KHDW XQLW RU SK\VLRORJLFDO WLPH EDVLV
WR GHWHUPLQH LI ORQJHYLW\ FRXOG EH SUHGLFWHG
WKURXJKRXWWKHIOLJKWSHULRGRIERWKVSHFLHV
Materials and Methods
C. pomonella XVHG LQ WKH H[SHULPHQWV ZHUH UHDUHG
RQ DQ DUWLILFLDO GLHW DQG REWDLQHG IURP WKH
86'$$56 <$5/ ODE :DSDWR :$ DQG ZHUH WKH
QRQGLDSDXVLQJ VWUDLQ 0RWKV ZHUH VKLSSHG WR
:DVKLQJWRQ 6WDWH 8QLYHUVLW\¶V 7UHH )UXLW
5HVHDUFK DQG ([WHQVLRQ &HQWHU 7)5(& LQ
:HQDWFKHH :$ DV ODVW LQVWDU ODUYDH DQG SXSDH LQ
FDUGERDUG EDQGV ,Q WKH ODERUDWRU\ WKH SXSDH
ZHUH UHPRYHG IURP WKH EDQGV VRUWHG E\ VH[ DQG
SODFHG LQ FDJHV IRU HPHUJHQFH LQ D WHPSHUDWXUH
FDELQHW & 5+ §   ZLWK D SKRWRSHULRG
V\QFKURQL]HG HDFK ZHHN ZLWK WKH QDWXUDOO\
RFFXUULQJ VXQULVH DQG VXQVHW &DJHV ZHUH
H[DPLQHG GDLO\ IRU HPHUJHQFH DQG QHZO\ HPHUJHG
LQGLYLGXDOV ZHUH SODFHG LQ D YLDO  FPZ L W K
VFUHHQ RQ ERWK HQGV WR DOORZ IUHH DLU PRYHPHQW
7KHVH YLDOV ZHUH WKHQ SODFHG ZLWKLQ ODUJH SODVWLF
GHOWD WUDSV 6XWHUUD //& %HQG 25  WKDW
ZHUH KXQJ LQVLGH DQ DSSOH WUHH FDQRS\ DW WKH 7UHH
)UXLW 5HVHDUFK &HQWHU GXULQJ WKH QRUPDO WLPH RI
DGXOW IOLJKW LQ ERWK JHQHUDWLRQV SHU \HDU 7KH
QXPEHUV RI C. pomonella SODFHG LQ WKH RUFKDUG DW
DQ\ JLYHQ WLPH ZHUH YDULDEOH GHSHQGLQJ RQ
FRORQ\ SURGXFWLRQ 7DEOH  $OO PRWKV XVHG LQ WKH
H[SHULPHQWV RI ERWK VH[HV ZHUH YLUJLQV DQG ZHUH
QHYHU DOORZHG WR PDWH 7KH GDWH HDFK PRWK ZDV
SODFHG LQ WKH RUFKDUG LWV VH[ DQG WKH GD\ LW GLHG
ZHUHUHFRUGHG
C. rosaceana PRWKV ZHUH REWDLQHG IURP WKH
FRORQ\ PDLQWDLQHG E\ WKH 7UHH )UXLW 5HVHDUFK
&HQWHU ZKLFK ZDV UHDUHG RQ DQ DUWLILFLDO SLQWR
EHDQ GLHW 6KRUH\ DQG +DOH  /DVW LQVWDU
FDWHUSLOODUV ZHUH SODFHG LQ SODVWLF FXSV  FP
DQG DOORZHG WR SXSDWH $IWHU SXSDWLRQ WKH VDPH
KDQGOLQJ DQG SURFHVVLQJ PHWKRGV GHVFULEHG IRU
FRGOLQJPRWKZHUHDSSOLHG
7KH XVH RI WKH GHOWD WUDSYLDO FRPELQDWLRQ ZDV
YLHZHG DV D UHDVRQDEOH FRPSURPLVH WKDW
HOLPLQDWHG SUHGDWLRQ ZKLFK ZRXOG EH DQ
RUFKDUGVSHFLILF PRUWDOLW\ IDFWRU DQG E\ KDQJLQJ
WKH WUDSYLDO FRPELQDWLRQ ZLWKLQ WKH WUHH FDQRS\
ZRXOG UHDVRQDEO\ DSSUR[LPDWH WKH DELOLW\ RI WKH
PRWKV WR PRYH WR FRROHU ORFDWLRQV ZLWKLQ WKH WUHH
VR WKDW KHDW VWUHVV ZRXOG EH UHGXFHG 0RWKV
ZRXOG KDYH KDG DFFHVV WR DQ\ GHZ WKDW IRUPHG RQ
WKH LQVLGH RI WKH YLDOV EXW QR IRRG RU ZDWHU ZDV
SURYLGHG EHFDXVH KRQH\GHZ IURP DSKLGV VFDOHV
RU PHDO\EXJV LV YLUWXDOO\ QRQH[LVWHQW LQ
FRPPHUFLDO DSSOH RUFKDUGV $V VXFK WKH
HVWLPDWHV RI ORQJHYLW\ DUH VWLOO OLNHO\ WR EH DQ
RYHUHVWLPDWH RI PRWK ORQJHYLW\ FRPSDUHG WR
DFWXDO ORQJHYLW\ LQ WKH RUFKDUG ZKHUH SUHGDWRUV
DQG SHVWLFLGH UHVLGXHV ZRXOG EH HQFRXQWHUHG ,Q
DGGLWLRQ FRQILQLQJ WKH PRWKV OLNHO\ LQFUHDVHG
ORQJHYLW\ EHFDXVH WKH HQHUJ\ GHPDQGV QRUPDOO\
DVVRFLDWHG ZLWK IOLJKW DUH JUHDWO\ UHGXFHG
5HJDUGOHVV WKH ORQJHYLW\ HVWLPDWHV UHSRUWHG
KHUHLQ ZHUH GRQH XQGHU FRQGLWLRQV FRQVLGHUDEO\
FORVHU WR WKDW H[SHULHQFHG LQ QDWXUH WKDQ W\SLFDO
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH ODERUDWRU\ GHULYHG HVWLPDWHV DQG DGGLWLRQDOO\
SURYLGH D IXOO VXUYLYRUVKLS FXUYH FDOFXODWHG RQ D
GHJUHHGD\EDVLV
7KH VWXGLHV ZHUH LQLWLDWHG IRU WKH VSULQJ
JHQHUDWLRQ RI ERWK VSHFLHV LQ WKH VSULQJ RI  WR
HYDOXDWH WKH PHWKRGRORJ\ 6DPSOHV VL]HV ZHUH
LQFUHDVHG DV PXFK DV FRORQ\ SURGXFWLRQ ZRXOG
DOORZ GXULQJ WKH VXPPHU JHQHUDWLRQV RI  DQG
LQERWKJHQHUDWLRQVGXULQJ7DEOH
Analysis
7HPSHUDWXUH GDWD ZHUH FROOHFWHG IURP WKH
:DVKLQJWRQ 6WDWH 8QLYHUVLW\ $J:HDWKHU 1HW
VWDWLRQ ORFDWHG URXJKO\  P DZD\ IURP WKH
RUFKDUG ZKHUH WKH WUDSV ZHUH SODFHG 'HJUHHGD\V
'' ZHUH FDOFXODWHG EDVHG RQ D & EDVH 5LHGO
HW DO  -RUJHQVHQ HW DO  3LWFDLUQ HW DO
 +RZHOO DQG 1HYHQ  ZLWK QR XSSHU
WKUHVKROG XVLQJ VLQJOHVLQH PHWKRG %DVNHUYLOOH
DQG (PLQ  $OWKRXJK QRUPDOO\ ERWK FRGOLQJ
PRWK DQG C. rosaceana '' DUH FDOFXODWHG ZLWK DQ
XSSHU WKUHVKROG RI & DQG & UHVSHFWLYHO\
%HHUV HW DO  -RQHV HW DO E WKH XSSHU
WKUHVKROG ZDV H[FOXGHG EHFDXVH ZH ZDQWHG WR
DFFRXQW IRU KLJK WHPSHUDWXUH KHDW HIIHFWV RQ
ORQJHYLW\ /RQJHYLW\ ZDV FDOFXODWHG IRU ERWK
VSHFLHVLQWHUPVRI''OLYHGIRUHDFKPRWK
)RU HDFK VSHFLHV ORQJHYLW\ ZDV DQDO\]HG
VHSDUDWHO\ IRU HDFK VH[ $QDO\VLV ZDV SHUIRUPHG
E\ WDNLQJ DOO WKH LQGLYLGXDOV RYHU D SDUWLFXODU
JHQHUDWLRQ GHWHUPLQLQJ WKHLU DJH LQ '' DW GHDWK
DQG FRQVWUXFWLQJ DQ lx FXUYH %ULHIO\ DQ lx FXUYH LV
WKH DJHVSHFLILF VXUYLYDO RI LQGLYLGXDOV H[SUHVVHG
DV D SURSRUWLRQ RI WKH RULJLQDO FRKRUW DOLYH DW HDFK
SHULRG ,Q DOO VLWXDWLRQV *RPSHUW] GLVWULEXWLRQV
ZHUH ILW WR WKH lx FXUYHV &DUH\  XVLQJ D
QRQOLQHDU URXWLQH LQ 6WDWD 6WDWDFRUS  7KH
*RPSHUW]GLVWULEXWLRQLVGHILQHGDV
ZKHUH A0 LV WKH LQLWLDO PRUWDOLW\ UDWH G LV WKH UDWH
RI VHQHVFHQFH DQG DDC LV WKH WLPH LQ GHJUHHGD\V
VLQFHDGXOWHPHUJHQFH
%HFDXVH WKH lx FXUYHV ZHUH EDVHG RQ GLIIHUHQW
VDPSOH VL]HV EHWZHHQ JHQHUDWLRQV WKH ILW ZDV
ZHLJKWHG XVLQJ WKH LQYHUVH RI WKH ELQRPLDO
YDULDQFH IRU HDFK SRLQW i.e 
ZKHUH lx LV WKH SURSRUWLRQ VXUYLYDO DW D SDUWLFXODU
SRLQW LQ WLPH DQG n LV WKH QXPEHU RI LQGLYLGXDOV
WKDWZHUHXVHGWRGHYHORSWKHSDUWLFXODU lx FXUYH
(PSLULFDO TXDQWLOHTXDQWLOH q-q SORWV
&KDPEHUV HW DO  ZHUH XVHG WR FRPSDUH
VXUYLYDO GLVWULEXWLRQV E\ VH[ 4XDQWLOHTXDQWLOH
SORWV ZHUH XVHG EHFDXVH WKH\ DUH VLPSOH WR
FDOFXODWH DQG DOORZ TXLFN DQG YLVXDOO\ SRZHUIXO
FRPSDULVRQV EHWZHHQ GLVWULEXWLRQV 7KH SORWV
ZHUH GHYHORSHG E\ VRUWLQJ WKH ORQJHYLW\ RI WKH
JURXSV IURP VPDOOHVW WR ODUJHVW DQG WKHQ
GHWHUPLQLQJ WKH SHUFHQWLOHV RI WKH GLVWULEXWLRQ
7KH SHUFHQWLOHV RI WKH WZR GLVWULEXWLRQV ZHUH WKHQ
SORWWHG VR WKDW WKH HTXLYDOHQW SHUFHQWLOHV HJ WKH
ILUVW SHUFHQWLOH RI WKH GDWD IURP HDFK GLVWULEXWLRQ
VHFRQG HWF ZHUH SORWWHG DV D VFDWWHU SORW ,I WKH
WZR GLVWULEXWLRQV ZHUH LGHQWLFDO DOO WKH SRLQWV
ZRXOG OLH RQ D OLQH ZKHUH y   x ,I WKH SRLQWV ZHUH
RQ D VWUDLJKW OLQH EXW ZLWK D VORSH GLIIHUHQW WKDQ 
WKHQ WKH GLVWULEXWLRQV DUH QRW LGHQWLFDO WKH\ DUH
VLPLODU LQ VKDSH EXW GLIIHU E\ D FRQVWDQW
&KDPEHUV HW DO  7KH VKDSH PD\ DOVR EH
GLIIHUHQW EHWZHHQ GLVWULEXWLRQV VXJJHVWLQJ
QRQOLQHDU UHODWLRQVKLSV LQ SHUFHQWLOHV ZKHUH WKH
GLVWULEXWLRQVKDSHGHYLDWHVIURP y   x
Results
:KHQ WKH lx FXUYHV IRU WKH WZR \HDUV DQG WZR
JHQHUDWLRQV SHU \HDU IRU IHPDOH C. pomonella
ZHUH SORWWHG RQ WKH VDPH D[LV WKH FXUYHV IRU DOO
EXW JHQHUDWLRQ  LQ  ZHUH RYHUODSSLQJ DFURVV
WKH HQWLUH UDQJH )LJXUH $ 7KH GDWD IRU
JHQHUDWLRQ  LQ  VWDUWHG DW URXJKO\ WKH VDPH
UDWH EXW GURSSHG UDSLGO\ DIWHU URXJKO\  '' KDG
DFFXPXODWHG :KLOH LW LV SRVVLEOH WKDW WKLV UHIOHFWV
WKH YDULDELOLW\ LQ PRUWDOLW\ EHWZHHQ JHQHUDWLRQV RU
\HDUV LW LV DOVR SRVVLEOH WKDW LW UHIOHFWV WKH
UHODWLYHO\ VPDOO VDPSOH VL]H  IHPDOHV WHVWHG LQ
WKDW \HDUJHQHUDWLRQ 7DEOH  7KH *RPSHUW]
FXUYH ILWWHG WR WKH HQWLUH GDWD VHW ZDV KLJKO\
VLJQLILFDQW F    P !  df    
DQG DFFRXQWHG IRU  RI WKH WRWDO YDULDWLRQ LQ WKH
GDWD 7DEOH  7KH PD[LPXP ORQJHYLW\ RI C.
pomonella IHPDOHV RYHUDOO WHVWV ZDV  '' RU 
G7DEOH
7KH GDWD IRU PDOH C. pomonella ZDV PRUH
UHVWULFWHG WKDQ WKH IHPDOH GDWD ZLWK RQO\ RQH \HDU
RI GDWD IRU WKH VSULQJ JHQHUDWLRQ DQG WZR \HDUV
IURP WKH VXPPHU JHQHUDWLRQ 7KLV GDWD VHW
DSSHDUHG WR EH PXFK PRUH KRPRJHQRXV LW ODFNHG
WKH ILUVW JHQHUDWLRQ LQ  ZLWK UHODWLYHO\ PLQRU
GLIIHUHQFHV EHWZHHQ WKH GLIIHUHQW
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FXUYH DJDLQ GHVFULEHG WKH GLIIHUHQFHV ZHOO F  
 P !  df     DQG DFFRXQWHG IRU
 RI WKH WRWDO YDULDWLRQ LQ WKH GDWD 7DEOH 
0D[LPXP ORQJHYLW\ IRU C. pomonella PDOHV ZDV
''RUG7DEOH
$ FRPSDULVRQ RI WKH PDOH DQG IHPDOH lx FXUYHV
VKRZHG WKDW WKHUH ZHUH RQO\ PLQRU GLIIHUHQFHV
EHWZHHQ WKHP 7KH q-q SORW VKRZHG WKDW IHPDOHV
WHQGHG WR OLYH DQ DYHUDJH RI  ORQJHU WKDQ PDOHV
)LJXUH  :KHQ D FRPPRQ QRQVH[VSHFLILF lx
FXUYH ZDV H[DPLQHG WKHUH ZDV   '' GLIIHUHQFH
DW ERWK  DQG  PRUWDOLW\ SRLQWV EHWZHHQ WKH
FRPPRQ FXUYH DQG WKH VH[VSHFLILF FXUYHV )LJXUH
$%
7KH C. rosaceana GDWD VKRZHG WKDW PDOHV DQG
IHPDOH VXUYLYRUVKLS GLG QRW ILW D FRPPRQ lx FXUYH
)LJXUH $ % DQG VH[VSHFLILF FXUYHV ZHUH
QHFHVVDU\ IRU JRRG SUHGLFWDELOLW\ 7DEOH  $ q-q
SORW VKRZHG WKDW RQ DYHUDJH IHPDOHV OLYHG 
ORQJHU WKDQ PDOHV )LJXUH  :KHQ VRUWHG E\ VH[
WKH SRLQW RI  PRUWDOLW\ RFFXUUHG DW  DQG 
'' IRU PDOHV DQG IHPDOHV UHVSHFWLYHO\ DQG DW
 PRUWDOLW\ LW RFFXUUHG DW  DQG  ''
UHVSHFWLYHO\ 7KH PD[LPXP ORQJHYLW\ ZDV  ''
DQG  '' IRU PDOHV DQG IHPDOHV 7DEOH 
UHVSHFWLYHO\
Discussion
7KHVH GDWD SURYLGH DJHVSHFLILF PRUWDOLW\ FXUYHV
Figure 1$JHVSHFLILFVXUYLYDOFXUYHVIRU Cydia pomonella RQDGHJUHHGD\EDVLV$)HPDOHV%0DOHV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 2(PSLULFDOTXDQWLOHTXDQWLOHSORWVIRUPDOHYHUVXVIHPDOH Cydia pomonella,IDOOWKHGDWDSRLQWVIHOORQ
WKH y   x FXUYHWKHWZRGLVWULEXWLRQVZRXOGEHLGHQWLFDO
Figure 3$JHVSHFLILFVXUYLYDOFXUYHVIRU Cydia pomonella ZLWKERWKVH[VSHFLILFDQGFRPPRQ*RPSHUW]
SUHGLFWLRQV$)HPDOHV%0DOHV
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH Figure 4$JHVSHFLILFVXUYLYDOFXUYHVIRU Choristoneura rosaceana RQDGHJUHHGD\EDVLVZLWKVH[VSHFLILF
*RPSHUW]SUHGLFWLRQV$)HPDOHV%0DOHV
Figure 5(PSLULFDOTXDQWLOHTXDQWLOHSORWVIRUPDOHYHUVXVIHPDOH Choristoneura rosaceana,IDOOWKHGDWDSRLQWV
IHOORQWKH y   x FXUYHWKHWZRGLVWULEXWLRQVZRXOGEHLGHQWLFDO
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH IRU ERWK C. pomonella DQG C. rosaceana LQ
:DVKLQJWRQ DSSOH RUFKDUGV XQGHU FRQGLWLRQV WKDW
UHDVRQDEO\ DSSUR[LPDWH ILHOG FRQGLWLRQV :KLOH
WKHVH GDWD DUH JHQHUDWHG XVLQJ ODERUDWRU\ DQG QRW
ZLOG PRWKV VWXGLHV ZLWK FRGOLQJ PRWKV KDYH
VKRZQ WKDW ODERUDWRU\ VHOHFWLRQ LQFUHDVHV
ORQJHYLW\ SUHVXPDEO\ E\ ERWK JHQHWLF VHOHFWLRQ
DQG LPSURYHG QXWULWLRQ &LVQHURV DQG %DUQHV
 7KXV RXU GDWD DUH FRQVHUYDWLYH LQ WKH
VHQVH WKDW WKH\ DUH XQOLNHO\ WR EH XQGHUHVWLPDWLQJ
WKH ORQJHYLW\ RI PRWKV XQGHU QDWXUDO FRQGLWLRQV
$ NH\ ILQGLQJ LV WKDW EHFDXVH WKH OLIH VSDQV RI ERWK
VSHFLHV DUH UHODWLYHO\ VKRUW HVSHFLDOO\ GXULQJ WKH
VXPPHU D GHOD\ LQ PDWLQJ RI HYHQ D IHZ GD\V
PD\ UHGXFH SRSXODWLRQ JURZWK VLPSO\ E\ UHGXFLQJ
WKH OHQJWK RI WKH RYLSRVLWLRQ SHULRG )RU H[DPSOH
LI PDWLQJ LV GHOD\HG WZR GD\V E\ DSSOLFDWLRQ RI
PDWLQJ GLVUXSWLRQ WHFKQLTXHV DQG WKH PD[LPXP
ORQJHYLW\ LV HLJKW GD\V WKH WLPH DYDLODEOH IRU
RYLSRVLWLRQ LV UHGXFHG  7KLV IDFWRU ZRXOG
RSHUDWH UHJDUGOHVV RI RWKHU IDFWRUV DVVRFLDWHG ZLWK
GHOD\LQJ PDWLQJ WKDW PLJKW UHGXFH PDWLQJ
SURSHQVLW\ DQGRU IHFXQGLW\ $OWKRXJK WKH EHVW
SRVVLEOH RXWFRPH RI PDWLQJ GLVUXSWLRQ LV WKH
FRPSOHWH VXSSUHVVLRQ RI PDWLQJ LI PDWLQJ LV MXVW
GHOD\HG D IHZ GD\V UDWKHU ODUJH UHGXFWLRQV LQ
SRSXODWLRQJURZWKUDWHFDQVWLOOEHDFKLHYHG
:KLOH VLPSOH VXPPDU\ VWDWLVWLFV DUH RI OHVV YDOXH
WR XQGHUVWDQGLQJ SRSXODWLRQ JURZWK WKH\ PD\
VWLOO VHUYH DV D EDVLV IRU FRPSDULVRQ RI RXU UHVXOWV
ZLWK ROGHU OLWHUDWXUH WKDW RQO\ SURYLGHV VXPPDU\
VWDWLVWLFV 2XU UHVXOWV RQ WKH PD[LPXP ORQJHYLW\
RI C. pomonella LQ WKH ILHOG ZHUH VLPLODU WR WKDW RI
*HLHU  ZKR IRXQG WKH PD[LPXP ORQJHYLW\
RI IHPDOH C. pomonella FDJHG RQ DSSOH IUXLW
FOXVWHUV LQ WKH ILHOG ZDV  G +RZHYHU LQ FRQWUDVW
WR *HLHU ZH IRXQG D URXJKO\ WZRIROG GLIIHUHQFH
LQ ORQJHYLW\ EHWZHHQ WKH VSULQJ DQG VXPPHU
JHQHUDWLRQV RQ D FDOHQGDU GDWH EDVLV :RUNLQJ LQ
WKH ODERUDWRU\ +DJOH\  H[DPLQHG C.
pomonella ORQJHYLW\ DW  WR & DQG IRXQG QR
GLIIHUHQFH LQ ORQJHYLW\ E\ VH[ 2Q D '' EDVLV KH
IRXQG WKDW WKH DYHUDJH ORQJHYLW\ ZDV  '' RU
URXJKO\ WZLFH WKH PD[LPXP ORQJHYLW\ WKDW ZH
REVHUYHGLQWKHILHOG
,Q ODERUDWRU\ VWXGLHV LQYHVWLJDWLQJ GHOD\HG PDWLQJ
XVLQJ WKH VDPH FRORQ\ DV XVHG RXU ILHOG WHVWV ZH
IRXQG C. pomonella IHPDOHV UHDUHG DW & DQG §
 5+ DQG IHG KRQH\ZDWHU OLYHG DQ DYHUDJH RI
 ''  G DQG D PD[LPXP RI  ''  G
93- DQG 1*: XQSXEOLVKHG REVHUYDWLRQV RU §
 IROG ORQJHU WKDQ LQ WKH ILHOG &OHDUO\ WKH
ODERUDWRU\ YDOXHV IDU H[FHHG WKH ORQJHYLW\
REVHUYHG LQ WKH ILHOG DQG LI XVHG LQFRUUHFWO\ FRXOG
PLQLPL]H WKH LPSRUWDQFH RI GHOD\HG PDWLQJ WKDW
RFFXUV HLWKHU QDWXUDOO\ HJ KLJK ZLQGV RU IURP
WKHXVHRIPDWLQJGLVUXSWLRQ
$ SRVVLEOH FULWLFLVP RI RXU VWXGLHV LV WKDW ZH GLG
QRW FRQWURO IRU UHODWLYH KXPLGLW\ LQ WKH
H[SHULPHQWV %HFDXVH WKH PRWKV FRXOG QRW PRYH
IURP WKH YLDOV WKH\ FRXOG QRW WKHUPRUHJXODWH
.KUW HW DO  QRU VHHN DUHDV RI KLJKHU 5+
ZLWKLQ WKH WUHH 7KH YLDOV ZHUH SODFHG ZLWKLQ WKH
WUDSV DQG WKRVH ZHUH KXQJ ZLWKLQ WKH DSSOH WUHH
FDQRS\ VR WKH\ ZRXOG H[SHULHQFH DQ DYHUDJH
YDOXH IRU ERWK WHPSHUDWXUH DQG 5+ IRXQG ZLWKLQ
WKH FDQRS\ DQG ZRXOG QRW EH VSHFLILF WR OHDYHV
EDUN HWF WKDW WKH\ PD\ QRUPDOO\ VHHN RXW
+RZHYHU LI 5+ ZHUH D NH\ GHWHUPLQDQW RI
ORQJHYLW\ LQ RXU VWXGLHV WKH YDULDWLRQ LQ 5+
SURILOHV H[SHULHQFHG EHWZHHQ JHQHUDWLRQV DQG
\HDUV ZRXOG KDYH GUDPDWLFDOO\ LQFUHDVHG WKH
YDULDWLRQ LQ WKH lx FXUYHV WKDW FRXOG QRW EH
H[SODLQHG E\ WKH VLPSOH KHDWXQLW EDVHG PRGHO
XVHG ,Q ERWK VSHFLHV WHVWHG WKHUH ZHUH QR
VLJQLILFDQW GLIIHUHQFHV LQ WKH VKDSH RI WKH lx FXUYHV
UHODWHG WR JHQHUDWLRQ RU \HDU ZKLFK VWURQJO\
VXJJHVWV WKDW WKH 5+ W\SLFDOO\ IRXQG ZLWKLQ D
:DVKLQJWRQ DSSOH RUFKDUG HQYLURQPHQW KDV D
UHODWLYHO\ PLQRU HIIHFW RQ ORQJHYLW\ FRPSDUHG WR
WHPSHUDWXUH 3DUW RI WKLV PD\ EH D UHVXOW RI WKH
IDFW WKDW WHPSHUDWXUH LV UHODWHG VWDWLVWLFDOO\ WR 5+
LQ WKH RUFKDUG HQYLURQPHQW ZLWK 5+ GHFUHDVLQJ
LQ JHQHUDO DV WKH WHPSHUDWXUH LQFUHDVHV RYHU
 DQG  WLPHV ZKHQ WKH H[SHULPHQWV ZHUH
FRQGXFWHG 5+    ±  é &   é &
5    ,Q DGGLWLRQ ODERUDWRU\ H[SHULPHQWV
RQ DGXOW ORQJHYLW\ IRXQG WKDW LW ZDV XQDIIHFWHG E\
5+ IURP ± RWKHU KXPLGLWLHV ZHUH QRW
WHVWHG+DJOH\
7KHUH LV IDU OHVV ODERUDWRU\ DQG ILHOG GDWD DYDLODEOH
IRU C. rosaceana DGXOW ORQJHYLW\ WKDQ IRU C.
pomonella 6DQGHUVRQ DQG -DFNVRQ  IRXQG
XQIHG IHPDOHV KDG DQ DYHUDJH ORQJHYLW\ RI  ''
 G ZLWK D PD[LPXP ORQJHYLW\ RI  '' 
G DW D FRQVWDQW & ,Q ODERUDWRU\ VWXGLHV DW
& DQG §  5+ XVLQJ WKH VDPH VRXUFH
FRORQLHV RI C. rosaceana DV ZH XVHG LQ WKH ILHOG
WHVWV ZH IRXQG WKH DYHUDJH ORQJHYLW\ RI IHPDOHV
SURYLGHG ZLWK KRQH\ ZDWHU VROXWLRQ ZDV  ''
 G DQG PD[LPXP ORQJHYLW\ ZDV  '' 
G 93- DQG 1*: XQSXEOLVKHG REVHUYDWLRQV
7KXV VLPLODU WR WKH WUHQGV IRXQG RXU C.
pomonella FRPSDULVRQV WKH PD[LPXP C.
rosaceana ORQJHYLW\ LQ WKH WZR ODERUDWRU\ VWXGLHV
ZHUH EHWZHHQ  DQG  IROG ORQJHU WKDQ
REVHUYHGLQRXUILHOGGDWD
-RXUQDORI,QVHFW6FLHQFH_ZZZLQVHFWVFLHQFHRUJ ,661
-RXUQDORI,QVHFW6FLHQFH9RO_$UWLFOH :KLOH SK\VLRORJLFDO WLPH LV EHQHILFLDO IRU
SUHGLFWLQJ WKH PRUWDOLW\ RI PRWKV QRW H[SRVHG WR
SUHGDWLRQ WKHUH DUH VRPH TXLUNV DVVRFLDWHG ZLWK
LWV XVH ,Q SDUW WKLV LV EHFDXVH WKH GDWD WKDW ZDV
XVHG WR GHWHUPLQH WKH ORQJHYLW\ SUHGLFWLRQV ZHUH
WDNHQ GDLO\ DQG GHJUHHGD\V ZHUH WKXV FDOFXODWHG
RQ D GDLO\ EDVLV +RZHYHU XQOLNH FDOHQGDU WLPH
SK\VLRORJLFDO WLPH LQWHUYDOV DUH QRW FRQVWDQW EXW
YDU\ GHSHQGLQJ RQ WHPSHUDWXUHV H[SHULHQFHG
7KLV FDQ OHDG WR HUURQHRXV FRQFOXVLRQV ZKHQ
VWDQGDUG VWDWLVWLFDO WHVWV DUH XVHG WR FRPSDUH WKH
'' UHTXLUHPHQWV IRU SHUFHQWDJH PRUWDOLW\ RI D
VWDJH EHWZHHQ WZR FDWHJRULHV )RU H[DPSOH D
GLIIHUHQFH RI ± '' PD\ EH VWDWLVWLFDOO\
GLIIHUHQW HVSHFLDOO\ LI WKH VDPSOH VL]H LV ODUJH
+RZHYHU ± '' PD\ EH OHVV WKDQ D GD\ DW WKH
WHPSHUDWXUHV WKDW RFFXU GXULQJ DQ\ JLYHQ SHULRG
7KXV WKH VWDWLVWLFDO GLIIHUHQFH PD\ EH RI RQO\
PLQRU ELRORJLFDO UHOHYDQFH ,Q RXU GDWD WKHUH
ZHUH VWDWLVWLFDO GLIIHUHQFHV EHWZHHQ SUHGLFWHG
PDOH DQG IHPDOH C. pomonella VXUYLYDO FXUYHV
KRZHYHU LQ WHUPV RI SUDFWLFDO DSSOLFDWLRQ WKH
GLIIHUHQFHV ZHUH LQFRQVHTXHQWLDO 7KLV LV
SDUWLFXODUO\ DSSDUHQW ZKHQ FRQVLGHULQJ WKH
DYHUDJH GHJUHHGD\ DFFXPXODWLRQ SHU GD\ ZDV §
 '' SHU GD\ LQ WKH VXPPHU DQG § '' SHU GD\
LQWKHVSULQJ
3HUKDSV WKH ODUJHVW LPSDFW RI WKHVH GDWD PD\ QRW
EH LQ RI LPSURYLQJ VFLHQWLILF SUHGLFWLRQV RU
PRGHOV EXW LQ KHOSLQJ WR SURYLGH WKH ELRORJLFDO
LQVLJKW QHHGHG WR KHOS PLWLJDWH TXDUDQWLQH LVVXHV
)RU H[DPSOH WKHVH GDWD VKRXOG EH XVHIXO LQ
QHJRWLDWLQJ WKH C. pomonella TXDUDQWLQH LVVXHV
ZLWK 7DLZDQ $3+,6334  2XU VWXGLHV
VKRZ WKDW WKH PD[LPXP ORQJHYLW\ RI C.
pomonella LQ WKH ILHOG LQ WKH DEVHQFH RI QDWXUDO
HQHPLHV DQG ZLWKRXW H[SRVXUH WR SHVWLFLGHV LV 
GD\V RU  '' 7DEOH  7KXV LI VHSDUDWH
DFFLGHQWDO LQWURGXFWLRQV RI C. pomonella RFFXUUHG
§ G DSDUW RU ORQJHU WKHUH ZRXOG QRW EH DQ
LQFUHDVHGULVNRIHVWDEOLVKPHQW7KHUHIRUHWKHXVH
RI WKHVH GDWD KHOSV SUHVHUYH WKH PDUNHW ZKLOH DOVR
FRQWLQXLQJWRSURWHFWWKHORFDOLQGXVWULHV
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